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(57) ABSTRACT

A method of visualising a meeting between one or more
participants on a display includes, 1n an electronic process-
ing device, the steps of: determiming a plurality of signals,
cach of the plurality of signals being at least partially
indicative of the meeting; generating a plurality of features
using the plurality of signals, the features being at least
partially indicative of the signals; generating at least one of:
at least one phase indicator associated with the plurality of
teatures, the at least one phase indicator being indicative of
a temporal segmentation of at least part of the meeting; and

at least one event indicator associated with the plurality of
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teatures, the at least one event indicator being imdicative of
an event during the meeting. The method also includes the
step of causing a representation indicative of the at least one
phase indicator and/or the at least one event indicator to be
displayed on the display to thereby provide visualisation of
the meeting.
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METHODS AND APPARATUS FOR
DISPLAYING, COMPRESSING AND/OR

INDEXING INFORMATION RELATING TO A
MEETING

FIELD OF THE INVENTION

The present invention relates to an apparatus and/or
methods of displaying, compressing and/or indexing infor-
mation, including information relating to meetings, and,
more particularly, a plurality of signals indicative of a
meeting between one or more participants.

BACKGROUND

Meetings among groups of participants are common 1n a
business and industry context. Typically, 1n such settings one
or more of the participants may be tasked with minuting
events which occur during the meeting, including action
points, discussion outcomes, and the like. However, such a
system suflers from a number of drawbacks, as meeting
minutes can be insutficient, biased, or can fail to be recorded
or saved. Moreover, minutes can fail to be distributed or be
difficult to access 11 1n the possession of one or two partici-
pants.

While 1t 1s possible to maintain audio recordings and/or
transcriptions ol meetings, 1t can be difficult to discern a
summary ol events or action points from such recordings.

U.S. Pat. No. 7,298,930, incorporated herein by reference,
describes meeting recordal that captures multimodal infor-
mation of a meeting. Subsequent analysis of the information
produces scores indicative of visually and aurally significant
cvents that can help identify significant segments of the
meeting recording. Textual analysis can enhance searching
for significant meeting segments and otherwise enhance the
presentation ol the meeting segments.

In McCowan, I et al. 2005, ‘Automatic Analysis of
Multimodal Group Actions 1n Meetings’, IEEE Transactions
on Pattern Analysis and Machine Intelligence, vol. 277, no.
3, pp. 305-317, incorporated herein by reference, the paper
investigates the recognition of group actions in meetings. A
framework 1s employed 1n which group actions result from
the interactions of the individual participants. The group
actions are modelled wusing different HMM-based
approaches, where the observations are provided by a set of
audiovisual features monitoring the actions of individuals.
Experiments demonstrate the importance of taking interac-
tions 1nto account 1 modelling the group actions. It 1s also
shown that the visual modality contains useful information,
even for predominantly audio-based events, motivating a
multimodal approach to meeting analysis.

Wellner et al. 2003, ‘A Meeting Browser Evaluation Test’,
CHI Extended Abstracts, incorporated herein by reference,
introduces a browser evaluation test (BET) and describes a
trial run application of the test. BET 1s a method ifor
assessing meeting browser performance using the number of
observations of interest found 1n the mimmum amount of
time as the evaluation metric, where observations of interest
are statements about a meeting collected by independent
observers. The resulting speed and accuracy scores aim to be
objective, comparable and repeatable.

Erol, B et al. 2003, ‘Multimodal summarisation of meet-
ing recordings’, 2003 International Conference on Multi-
media and Expo ICME’03, vol. 3 proposes a new method for
creating meeting video skims based on audio and visual
activity analysis together with text analysis. Audio activity
analysis 1s performed by analyzing sound directions, that
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2

indicate different speakers, and audio amplitude. Detection
of 1mportant visual events 1n a meeting 1s achieved by

analysing the localized luminance varnations 1 consider-
ation with the omni-directional property of the video cap-
tured by a meeting recording system. Text analysis 1s based
on a term frequency-inverse document frequency measure.
The resulting video skims better capture the important
meeting content compared to the skims obtained by uniform
sampling.

The inclusion of any information provided in this back-
ground or in the documents referenced 1n this background 1s
not to be regarded as an admission that such information
should be regarded as prior art information that 1s relevant
to the appended claims.

SUMMARY

In a first broad form, the present mvention seeks to
provide a method of visualising a meeting between one or
more participants on a display, the method including, 1n an
clectronic processing device, the steps of:
determining a plurality of signals, each of the plurality of
signals being at least partially indicative of the meeting;;

generating a plurality of features using the plurality of
signals, the features being at least partially indicative of
the signals;

generating at least one of:

at least one phase indicator associated with, or 1n
accordance with, the plurality of features, the at least
one phase indicator being indicative of a temporal
segmentation of at least part of the meeting; and

at least one event indicator associated with, or 1n
accordance with, the plurality of features, the at least
one event indicator being indicative of an event
during the meeting; and

causing a representation indicative of the at least one

phase imndicator and/or the at least one event indicator to
be displayed on the display to thereby provide visuali-
sation of the meeting.

In one embodiment, the plurality of signals includes a
plurality of multi-modal signals.

In one embodiment, determining the plurality of signals
includes any one or more of the following steps:

causing at least one of the plurality of signals to be

captured;

retrieving at least one of the plurality of signals from a

store; and

recerving at least one of the plurality of signals from a

remote processing device.

In one embodiment, the method includes, in the electronic
processing device, the steps of:

generating a plurality of feature vectors wherein each

feature vector 1s generated using a respective one of the
multi-modal signals; and

generating a plurality of multi-modal feature vectors

using the feature vectors; and,

classifying the multi-modal feature vectors.

In one embodiment, the step of generating the at least one
phase indicator 1s carried out using the results of the clas-
sification.

In one embodiment, the step of generating the at least one
phase indicator 1s carried out using any one or more of:

at least one hidden Markov model;

at least one state machine; and

at least one temporal {ilter.

In one embodiment, the at least one temporal filter
includes at least one of an erosion filter and a dilation filter.
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In one embodiment, generating the at least one event
indicator includes the step of anomaly detection.

In one embodiment, the method includes, 1n an electronic
processing device, determining at least one event type

associated with each event and wherein, in the step of °

generating at least one event indicator, the representation 1s
indicative of the event type.

In one embodiment, determining the at least one event
type includes any one or more of the following steps:

causing at least one of the at least one event type to be

captured;

retrieving at least one of the at least one event type from

a store; and
receiving at least one of the at least one event type from
a remote processing device.

In one embodiment, the event type includes any one or
more of:

an action;

a mood;

a sentiment;

a highlight;

a question;

recapitulation;

a milestone; and,

an event type determined 1n accordance with user input.

In one embodiment, generating at least one event 1indica-
tor 1ncludes detecting outliers among the plurality of multi-
modal feature vectors using the results of the classification.

In one embodiment, the method includes, 1n the electronic
processing device, determining at least one of:

at least one phase parameter; and,

at least one event parameter.

In one embodiment, the plurality of features 1s generated
in accordance with at least one of the phase parameters and
the event parameters.

In one embodiment, classifying the multi-modal feature
vectors 1ncludes using any one or more of:

a supervised classification;

an unsupervised classification; and

an expert rule-based classification.

In one embodiment, classifying the multi-modal feature
vectors mncludes using any one or more of:

at least one rule-based classification;

at least one neural network;

at least one (Gaussian mixture model;

at least one hidden Markov model;

at least one support vector machine;

unsupervised k-means clustering; and

spectral clustering.

In one embodiment, the plurality of signals includes any
one or more of:

at least one audio signal;

calendar data;

user input;

at least one document;

at least one 1mage signal; and

at least one video signal.

In one embodiment, the at least one feature 1s generated
from the plurality of signals using any one or more of:

at least one neural network;

at least one clustering algorithm;

at least one hidden Markov model;

a filter;

at least one transcription algorithm;

at least one natural language processing algorithm; and

at least one 1mage recognition algorithm.
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4

In one embodiment, the method includes, 1n the electronic
processing device, the steps of:

determining at least one meeting parameter; and

generating at least one of the at least one phase indicator

and the at least one event indicator 1n accordance with
the meeting parameter.

In one embodiment, the at least one meeting parameter 1s
indicative of any one or more of:

an industry;

a company and/or organisation;

at least one 1dentity of the one or more participants;

one or more preferences; and
a location.
In one embodiment, the representation includes at least
one temporal indicator indicative of a time range of the
meeting.
In one embodiment, the representation in the step of
generating at least one event indicator includes at least one
graphical indication of at least one of the phase indicator and
the event indicator.
In one embodiment, the representation includes at least
one textual indication of at least one of the phase indicator
and the event indicator.
In one embodiment, the representation includes at least
one transition indicator indicative of a temporal sequence of
at least one of the at least one phase indicator and the at least
one event indicator.
In one embodiment, the representation includes at least
one textual and/or graphical indication of a respective one of
the features associated with at least one of the phase indi-
cator and the event 1ndicator.
In one embodiment, the method includes, in the electronic
processing device, the steps of:
receiving an iput selection associated with at least one of
the phase indicator and the event indicator;

selectively updating the representation to mnclude an 1ndi-
cation of a respective one of the features associated
with the selected one of the phase indicator and/or the
event indicator; and
causing the updated representation to be displayed.
In one embodiment, the method includes, 1n the electronic
processing device, the steps of:
recerving an mput selection associated with at least one of
the phase indicator and the event indicator;

selectively updating the representation to mnclude an 1ndi-
cation of a respective one or more of the plurality of
signals associated with the selected one of the phase
indicator and/or the event indicator; and

causing the updated representation to be displayed.

In one embodiment, the respective one or more of the
plurality of signals includes at least one of one or more audio
signals, one or more video signals, and at least a portion of
a transcript.

In a second broad form, the present invention seeks to
provide a method of compressing a plurality of signals
indicative of a meeting between one or more participants,
the method 1ncluding, 1n an electronic processing device, the
steps of:

generating a plurality of features using the plurality of

signals, the features being indicative of the signals;
generating at least one of:
at least one phase indicator associated with, or 1n
accordance with, the plurality of features, the at least
one phase indicator being indicative of a temporal
segmentation of at least part of the meeting; and
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at least one event indicator associated with, or 1n
accordance with, the plurality of features, the at least
one event indicator being indicative of an event
during the meeting; and

causing the plurality of signals to be compressed in

accordance with the at least one phase indicator and/or
the at least one event indicator.
In one embodiment, the method includes, 1n the electronic
processing device, the steps of:
receiving an input selection associated with at least one of
the phase indicator and the event indicator; and

selectively providing an indication of a respective one of
the features associated with the selected one of the
phase indicator and/or the event indicator, to thereby
compress the plurality of signals.

In one embodiment, the method includes, 1n the electronic
processing device, the steps of:

receiving an input selection associated with at least one of

the phase indicator and the event indicator; and
selectively providing an indication of a respective one or
more of the plurality of signals associated with the
selected one of the phase indicator and/or the event
indicator, to thereby compress the plurality of signals.

In one embodiment, the respective one or more of the
plurality of signals includes at least one of one or more audio
signals, one or more video signals, and at least a portion of
a transcript.

In one embodiment, the method further includes any one
or more of the features of any of the examples herein.

In a third broad form, the present imvention seeks to
provide a method of mdexing a plurality of signals indica-
tive of a meeting between one or more participants, the
method including, 1n an electronic processing device, the
steps of:

generating a plurality of features using the plurality of

signals, the features being indicative of the signals;

generating at least one of:

at least one phase indicator associated with, or 1n
accordance with, the plurality of features, the at least
one phase indicator being indicative of a temporal
segmentation of at least part of the meeting; and

at least one event indicator associated with, or 1n
accordance with the plurality of features, the at least
one event indicator being indicative of an event
during the meeting; and

causing the signals to be indexed in accordance with the

at least one phase indicator and/or the at least one event
indicator.
In one embodiment, the method includes, 1n the electronic
processing device, the steps of:
receiving an input selection associated with at least one of
the phase indicator and the event indicator; and

selectively indexing a respective one of the features
associated with the selected one of the phase indicator
and/or the event indicator.
In one embodiment, the method includes, 1n the electronic
processing device, the steps of:
receiving an input selection associated with at least one of
the phase indicator and the event indicator; and

selectively indexing a respective one or more of the
plurality of signals associated with the selected one of
the phase indicator and/or the event indicator.

In one embodiment, the respective one or more of the
plurality of signals includes at least one of one or more audio
signals, one or more video signals, and at least a portion of
a transcript.
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In one embodiment, the method further includes the step
of generating any one or more of the features of any of the
examples herein.

In a fourth broad form, the present mnvention seeks to
provide a method of displaying information on a display
relating to a meeting between one or more participants, the
method including, 1n an electronic processing device, the
steps of:

determining a plurality of signals, each of the plurality of

signals being at least partially indicative of the meeting;;
generating a plurality of features using the plurality of
signals, the features being indicative of the signals;

generating at least one of:

at least one phase indicator associated with, or 1n
accordance with, the plurality of features, the at least
one phase indicator being indicative of a temporal
segmentation of at least part of the meeting; and

at least one event indicator associated with, or 1n
accordance with, the plurality of features, the at least
one event indicator being indicative of an event
during the meeting; and

causing a representation indicative of the at least one

phase indicator and/or the at least one event indicator to
be displayed on the display to thereby provide infor-
mation indicative of the meeting.
In one embodiment, the method further includes gener-
ating any one or more of the features of any of the examples
herein.
In a fifth broad form, the present invention seeks to
provide an apparatus for visualising a meeting between one
or more participants on a display, the apparatus including an
clectronic processing device that 1s configured for carrying
out the steps of:
determining a plurality of signals, each of the plurality of
signals being at least partially indicative of the meeting;;

generating a plurality of features using the plurality of
signals, the features being at least partially indicative of
the signals;

generating at least one of:

at least one phase indicator associated with, or 1n
accordance with, the plurality of features, the at least
one phase indicator being indicative of a temporal
segmentation ol at least part of the meeting;

at least one event indicator associated with, or 1n
accordance with, the plurality of features, the at least
one event indicator being indicative of an event
during the meeting; and

causing a representation indicative of the at least one

phase indicator and/or the at least one event indicator to
be displayed on the display to thereby provide visuali-
sation of the meeting.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

Some embodiments of the present invention are herein-
alter described, by way of example only, with reference to
the accompanying drawings, wherein:

FIG. 1 1s a flowchart of an example method of visualisa-
tion of a meeting between one or more participants on a
display;

FIG. 2 1s a schematic of an example electronic processing,
device for performing any one of the processes described
herein;

FIG. 3 15 a flowchart of an example method of compress-
ing and/or indexing a plurality of signals indicative of a
meeting between one or more participants;
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FIG. 4 1s a flowchart of a further example of a method of
visualisation of a meeting;

FIG. 5 1s a flowchart of a further example of a method of
generating one or more phase indicators;

FI1G. 6 1s a flowchart of a further example of a method of
generating one or more event indicators;

FIG. 7 1s a schematic of a turther example of a method of
visualisation of a meeting;

FIG. 8 1s a schematic of an example of a representation
indicative of phase indicators and event indicators;

FIG. 9 1s a schematic of a further example of a represen-
tation indicative of phase indicators and event indicators;

FIG. 10 1s a schematic of a further example of a repre-
sentation indicative of phase indicators and event indicators;

FIG. 11 1s a schematic of a further example of a repre-
sentation indicative of phase indicators;

FIG. 12 1s a schematic of a further example of a repre-
sentation indicative of phase indicators and event indicators;

FIG. 13 1s a schematic of the example of FIG. 12
including graphical indications indicative of features; and,

FIGS. 14a and 1456 are flowcharts of a further example
method of generating event indicators.

DETAILED DESCRIPTION

An example of a method of visualising a meeting between
one or more participants on a display will now be described
with reference to FIG. 1.

For the purpose of this example, 1t 1s assumed that the
process 1s performed at least 1n part using an electronic
processing device, such as a processor of a processing
system, which 1n one example 1s connected to one or more
computer systems, such as network servers, via a network
architecture, as will be described 1n more detail below.

In this example, at step 110, the electronic processing
device 1s configured so that 1t operates to determine a
plurality of signals, each of the plurality of signals being at
least partially indicative of the meeting. The term “meeting”
1s not meant to be limiting and may include any appropriate
interaction of participants, including an interaction wherein
a sole participant generates appropriate signals (e.g. a single
participant dictating, or the like). Moreover, while any
suitable signal indicative of the meeting may be used,
typically the signals include any one or more of audio, video
and/or 1mage signals, calendar data, user input, and one or
more documents. Accordingly, the term “signal” 1s not
meant to be limiting and can include any sutable data
relating to the meeting.

While 1n some examples the signals are of the same
modality, more typically, the signals determined are multi-
modal, for example, obtained using different modalities.
Moreover, the plurality of signals may be determined 1n any
suitable manner, including any one or more of causing the
signals to be captured i accordance with their respective
modality, receiving the plurality of signals from a store or
remote processing system, or the like and this will be
discussed further below.

At step 120, the method includes generating a plurality of
features using the signals, the features being indicative of the
signals. This may be achieved in any suitable manner, and
typically the features generated depend upon the signal
modality. For example, features extracted from one or more
audio signals may include an indication of audio quality, a
transcription, an indication of the identity of the participant
speaking, sentiment indicators, topics or semantic concepts
discussed or in documents, or the like. Accordingly, the
generation of features 1s achieved through any suitable one
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or more processes 1ncluding automatic transcription algo-
rithms, natural language processing, digital signals process-
ing, machine learning, filtering, and the like, and this will be
discussed 1n further detail below. Typically, generation of the
plurality of features 1s automatic, however 1n some examples
step 120 may include at least partial manual interaction.

One or more phase indicators are generated at step 130 1n
accordance with, or associated with, the plurality of features.
In this regard, the phase indicators are indicative of a
temporal segmentation of at least part of the meeting.
Accordingly, typically the phase indicators identify different
segments within the temporal segmentation. More typically,
the phase 1indicators can be indicative of temporal segments
in which respective features are internally coherent. While
this may be achieved 1n any suitable manner, typically this
includes a classification algorithm, and this will be described
in more detail below.

At step 140, one or more event indicators are generated 1n
accordance with, or associated with, the plurality of features.
In this respect, the event indicators are indicative of events
during the meeting. While events can include any suitable
occurrence during the meeting (including, for example, a
user defined event), more typically anomalous and/or outlier
features(s) are indicative of events. In this regard, events
may 1nclude actions, highlights, disagreements, or the like.
In any event, this will be discussed further below.

While FIG. 1 includes both steps 130 and 140 (shown 1n
parallel), 1n other examples of the method may include either
step 130 or step 140. The method may include generating
one or more phase indicators and/or one or more event
indicators, for example. Moreover, these steps may be
performed 1n any particular order, including in series or in
parallel as shown in the example. In one example, the
method includes generating one or more phase indicators
and one or more event indicators. This may be particularly
advantageous 1n providing an overview of an entire meeting,
for example, by showing main phases of discussions, and
any key highlights/actions/questions, without the need to
replay an entire meeting audio recording, or read an entire
transcript.

At step 150 the method includes causing a representation
indicative of the phase indicators and/or the event indicators
to be displayed on the display, to thereby provide visuali-
sation of the meeting. This may be achieved 1n any suitable
manner, including sending control signals to the display to
cause the representation to be displayed, sending data
indicative of the representation to a remote display and/or
remote processing device for display, and/or storing data
indicative of the representation in a store for display at a
pre-determined or future time. Additionally, the representa-
tion may include any appropriate indication of the phase
and/or event 1indicators, including displaying values associ-

ated with the indicators, textual or graphical indicators, or
the like and this will be described 1n more detail below.
Beneficially, the above-mentioned method provides an
unbiased summary of meeting information obtained, for
example, from multiple sources using multiple modalities.
Such eflicient visualisation allows rapid access to meeting
information which may be required for a user to accurately
answer meeting or business-related questions, achueve tasks,
and the like. Moreover, for recorded meetings, the repre-
sentation 1n accordance with this example provides an
accurate meeting summary which obviates the need to spend
time replaying the entire meeting and/or review an entire
transcript. Advantageously, users who did not participate in
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the meeting(s) are able to utilise the representation to
understand and appreciate the meeting discussions and
events.

Additionally, while the process 1s described 1n respect of
one meeting in the above example, 1t will be appreciated that
the process may be applied to any number of meetings.
Accordingly, for a plurality of meetings, the display of the
abovementioned representation provides the ability to rap-
1idly visualise multiple meetings, significantly improving
productivity and efficiency. This can be particularly benefi-
cial 1 facilitating the extraction of meeting nformation
from a large archive contaiming data relevant to numerous
meetings.

In one instance, a user 1s rapidly able to understand the
meeting using the displayed representation which can
include phase indicators indicative of a sequence of inter-
nally coherent temporal phases, and/or event indicators,
which are typically indicative of temporal outliers or anoma-
lous events that occurred during the meeting.

In one example, the process 1s performed at least 1n part
using a processing system, such as a suitably programmed
computer system. This can be performed on a stand-alone
computer, with the microprocessor executing application
software allowing the above described method to be per-
formed, as will now be described with reference to FIG. 2.
Alternatively, the process can be performed by one or more
processing systems operating as part of a distributed archi-
tecture.

As shown in FIG. 2, in one example, the electronic
processing system 200 includes an electronic processing
device, such as at least one microprocessor 201, a memory
202, an external interface 203, and an input/output interface
204 interconnected via a bus 205, as shown. In this example,
the external intertace 203 can be utilized for connecting the
processing system 200 to peripheral devices, such as
communications networks, wireless communication
connections, databases, other storage devices, signal capture
device(s), the display, or the like. Although a single external
interface 203 1s shown, this 1s for the purpose of example
only, and 1n practice multiple interfaces using various meth-
ods (e.g. Ethernet, serial, USB, wireless or the like) may be
provided.

Moreover, the communication networks may be of any
appropriate form, such as the Internet and/or a number of
local area networks (LANs) and provides connectivity
between the processing system 200 and other processing
systems, such as a remote electronic processing device
associated with a signal capture device, or the like. It will
however be appreciated that this configuration 1s for the
purpose of example only, and 1n practice the processing
systems can communicate via any appropriate mechanism,
such as via wired or wireless connections, including, but not
limited to mobile networks, private networks, such as an
802.11 networks, the Internet, LANs, WANSs, or the like, as
well as via direct or point-to-point connections, such as
Bluetooth, or the like.

In use, the microprocessor 201 executes instructions in
the form of applications software stored 1n the memory 202
to perform required processes, for example, to allow com-
munication with other processing systems. Thus, actions
performed by the electronic processing device 200 are
performed by the processor 201 1n accordance with 1nstruc-
tions stored as applications software in the memory 202
and/or mput commands received via the communications
network. The applications software may include one or more
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soltware modules, and may be executed 1n a suitable execu-
tion environment, such as an operating system environment,
or the like.

Accordingly, 1t will be appreciated that the electronic
processing device 200 may be formed from any suitable
processing system, such as a suitably programmed PC,
Internet terminal, lap-top, hand-held PC, smart phone, PDA,
tablet, or the like. Thus, in one example, the processing
system 200 1s a standard processing system, such as a 32-bit
or 64-bit Intel Architecture based processing system, which
executes software applications stored on non-volatile (e.g.,
hard disk) storage, although this 1s not essential. However,
it will also be understood that the processing systems 200
can be any electronic processing device, such as a micro-
processor, microchip processor, logic gate configuration,
firmware optionally associated with implementing logic,
such as an FPGA (Field Programmable Gate Array), or any
other electronic device, system or arrangement.

Whilst a single processing system 200 1s shown 1n this
example, 1t will be appreciated that functions may be split
among multiple processing systems 200 1n geographically
separate locations, and 1n some examples may be performed
by distributed networks of processing systems 200 and/or
processing systems provided as part of a cloud-based archi-
tecture and/or environment.

A fTurther example will now be described with reference to
FIG. 3. In this example, a method of indexing and/or
compressing a plurality of signals indicative of a meeting
between one or more participants will be described. For the
purpose of this example, it 1s assumed that the process 1s
performed at least in part using an electronic processing
device, such as in the example described above.

At step 310, the method 1includes generating a plurality of
features using the plurality of signals, the features being
indicative of the signals. As described above, the signals
may include any suitable data or information relating to the
meeting, including of the same or multiple modalities. More
typically, the signals are multi-modal signals, and include
any one or more of audio, image and/or video signals,
documents, calendar information, and user mput. Features
may be generated 1n any number of manners, as discussed
above, such as automatically and/or semi-automatically.

At step 320, the method includes generating one or more
phase indicators 1n accordance with, or associated with, the
features. In this regard, the phase indicator(s) are indicative
of a temporal segmentation of at least part of the meeting. As
discussed herein, typically the temporal segmentation can be
generated at least partially using a classification of the
features, as will be described further below.

At step 330, the method includes generating one or more
event 1ndicators 1n accordance with, or associated with, the
plurality of features. In this regard, the event indicators are
indicative of an event during the meeting. As described
herein, 1n some examples events are indicative of an outlier
and/or anomalous feature(s). In other examples, events may
include user defined or pre-determined occurrences. In any
event, this will be described 1n more detail below.

As discussed above, while this example includes both
steps 320 and 330, 1n another embodiments step 320 or 330
may be omitted. Thus, for instance, the method may include
generating one or more phase indicators and/or one or more
event indicators, as appropriate.

At step 340, the method includes causing the signals to be
indexed and/or compressed in accordance with the one or
more phase indicators and/or the one or more event indica-
tors. This may be achieved in any suitable manner. For
example, 1n causing the signals to be compressed, the phase
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and event indicators may be used to select a subset of the
signals and/or features as representative of the meeting. For
example, phase and/or event indicators may be indicative of
temporal locations in the signals, such that the subset of
signals/features 1s selected in accordance with the temporal
locations. Additionally, or alternatively, the phase indicators
and/or event indicators may include textual values which
represent topics or decisions, such that the indicators may be
used as representative of the meeting.

Beneficially, compression and/or indexing can facilitate
the storage and analysis of numerous meetings, for example
for the purposes of data warchousing, business intelligence,
analytical reporting, structured and/or ad hoc queries, and/or
decision making. As data relating to meetings increases,
indexing/compression 1 any of the manners described
herein can facilitate any big data functions or techniques.

In one example, which will be described 1n further detail
below, the process may include receiving an mput selection
associated with one or more of the phase indicator(s) and/or
event indicator(s) and selectively either providing and/or
indexing or compressing a respective one of the signals/
features in accordance with the selected phase indicator(s)
and/or event indicator(s). Thus, a user may be able to use
indexed audio of the meeting to navigate and playback only
the audio associated with events or phases. This 1s particu-
larly usetul in providing a user with a rapid method of
assimilating the key information relating to an entire meet-
ing or meetings. In a further example, the signals or features
associated with event indicators and/or particular phase
indicators may be retained and stored, discarding the
remaining signals. Such an example provides a method of
compressing the signals relating to a meeting by only
retaiming signals which pertain to particularly significant or
customised/preferential events or phases. Any suitable sig-
nals or features may be used for indexation and/or compres-
sion 1n this manner, for example portions of the speech
transcript, video signals, or the like.

In terms of the signals and/or features associated with the
event and/or phase indicators, this may include signals
and/or features directly defined by temporal boundaries
associated with the indicators, and/or with temporal bound-
aries which encompass those defined by the indicators (such
as being +/— a predefined amount on either side of the
temporal boundaries), and/or any other appropriate associa-
tion.

In any event, a number of further features will now be
described.

In one example, determining the plurality of signals
includes causing at least one of the plurality of signals to be
captured, retrieving at least one of the plurality of signals
from a store, and/or receiving at least one of the plurality of
signals from a remote processing device. Thus, for example,
signals may be predetermined, such as data retrieved from a
calendar application or software, or may be obtained by
causing one or more sensors such as microphones, cameras,
or the like to capture the signals.

Additionally, or alternatively, the process may include
generating a plurality of feature vectors where each feature
vector 1s generated using a respective one or more of the
multi-modal signals. Thus, in this respect signals obtained
by different modalities may be respectively utilised 1n order
to extract feature vectors, such as calculating speaker 1den-
tities, voice pitch, and speaking rate during the meeting
using audio signals, detecting gestures using video signals,
recognising notes and diagrams from whiteboard usage
captured using an 1image, and the like. This may be achieved
in any suitable manner, and typically can depend upon the
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modality of respective signals. For example, audio quality
vectors may be detected using filters, participant gesture
vectors may be detected using video signal segmentation
and recognition algorithms, speaker voice embedding vec-
tors calculated using audio signals and neural networks, and
the like. This will be discussed in further detail below. In
other instances, feature vectors may be generated using more
than one modality, such as sentiment vectors generated using
audio signals and text-based transcript(s). Additionally, or
alternatively, different feature vectors may be generated
using the same plurality of signals, such as grammatical
parsing of a speech transcript, and punctuator data extracted
from the same transcript.

In any event, this example includes generating a plurality
of multi-modal feature vectors using the feature vectors.
Accordingly, each multi-modal feature vector typically
includes features extracted from multiple feature vectors 1n
accordance with, or associated with, the same or similar
temporal associations. In this regard, feature vectors may
need to be up- or down-sampled. In other embodiments, the
multimodal feature vector sequences may be generated
using a more sophisticated combination method, such as
using a dimensionality reducing neural network, principal
component analysis (PCA) and/or the like.

In some instances, the multi-modal feature vector incor-
porates feature vectors derived from the same signals, such
as a multi-modal feature vector mcluding results of gram-
matical parsing, and punctuator data, which were extracted
using the same speech transcript as described above.

In addition, the method of this example includes classi-
tying the multi-modal feature vectors. Any suitable method
of classification may be used, as will be discussed below,
with the classification resulting 1n detecting classes of multi-
modal feature vectors which are internally coherent/inter-
nally similar.

In this respect, classitying the multi-modal feature vectors
typically includes supervised classification, unsupervised
classification, and/or an expert rule-based classification. For
example, this may include one or more of a rule-based
classification, supervised machine learning classification,
neural networks, Gaussian mixture model, hidden Markov
model, support vector machines, unsupervised Dirichlet
process, unsupervised k-means clustering, and/or spectral
clustering, or the like. Training and/or labelled data sets, for
example for supervised classification methods, may be
obtained 1n any suitable manner, including user-defined
labels, or the like. In some 1instances, while user-defined
labels may 1nitially be used, the tramning data may be
dynamically updated using the results of subsequent classi-
fications. Similarly, user-defined labels may be gathered on
the output of an 1nitial unsupervised or rule-based classifier,
for instance to confirm whether the classified event 1is
significant to a user, and then such user-defined labels may
be used to train a more complex supervised classifier.

In some examples, the same classification may be used 1n
determining both event and phase indicators, however 1n
other examples different features and classifications may be
used to determine event and phase indicators respectively.
Hence, phases may retlect a temporal segmentation in accor-
dance with features relating to speaking terms, concepts and
sentiments, while events retlect anomalies detected among
features relating to particular word combinations, the role of
speakers, etc.

In some instances, the temporal segmentation 1s generated
using the results of the classification. Any suitable method of
generating the segmentation using the classification may be
used, and typically includes smoothing, removing spurious
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teature vectors, and the like. In one example, generating the
temporal segmentation includes using one or more hidden
Markov models, state machines, particle filtering and/or
temporal filters. For example, the temporal filter includes a
maximum and/or minimum window filter, such as dilation
and erosion {filters or operations, or the like.

In some 1nstances, the classification results are compared
to a mimimum and/or maximum temporal threshold, and the
temporal segmentation refined accordingly. For example,
the minimum and/or maximum temporal threshold may be
indicative of a minimum and/or maximum phase duration,
such that classifications which result 1n spuriously short (or
long) phases are removed from the segmentation and re-
classified. In some examples, the mimimum threshold may
be any one of at least 30, 40, 60, 120 seconds, or the like.
Beneficially this ensures more robust segmentation.

In terms of generating the at least one event indicator, in
some examples this includes anomaly detection and/or out-
lier detection. Accordingly, an event typically defines rare
items, occurrences or observations during the meeting which
differ significantly from the majority of the features or
teature vectors. As will be appreciated, any suitable form of
anomaly detection may be used, for example supervised,
unsupervised or semi-supervised anomaly detection. As
anomaly detection techniques are known 1n the art, they will
not be described 1in more detail here.

In some 1nstances, generating the event indicator icludes
detecting outliers among the plurality of multi-modal feature
vectors using the results of the classification. This may be
achieved 1n any suitable mariner, such as supervised, unsu-
pervised or semi-supervised anomaly detection as described
above.

In one example, the process mncludes determining one or
more event types associated with each event, where the
representation 1s indicative of the event type. For example,
the event type may include an action, a mood, a sentiment,
a highlight, a question such as a key question, a recapitu-
lation, a milestone and/or the like. In some instances, the
event type may be determined 1n accordance with user input,
such that a user or operator 1s able to select or define a
particular event type. In this regard, different event types
may be indicative of different types ol anomalies/outliers
and/or determined using different feature vectors and/or
multi-modal feature vectors. Sentiment events may be deter-
mined 1n accordance with outliers among features relating to
speaking volume, speech rate, voice pitch, text based sen-
timent vectors, etc. In a further example, milestone events
may be determined 1n accordance with anomalies among,
features relating to the prominence ol speaker, speaker
words, volume, and the like. Advantageously, this allows
features to be classified in different manners, in order to
detect different event types which can be useful 1n summa-
rising/parameterising the meeting. Event types may be
retrieved from a store, received from a remote processing
device, and/or the process may cause the event type to be
captured, such as via user iput, preference, or the like.

Additionally, or alternatively, the process may include
determining one or more phase parameters and/or event
parameters. In this regard, for example, the plurality of
features may be generated in accordance with, or associated
with, the phase parameters and/or the event parameters. For
example, phase parameters may be indicative of parameters
relating to the desired temporal segmentation. In one
instance, 1t may be desired to select phases 1n the meeting
which delineate discussions relating to different topics, or
define discussions led by different speakers or the like. In
this respect, the phase parameters may relate to the different
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types of features generated using the signals, or the method
used to generate the features or temporal segmentation.
Additionally, determining the phase parameter(s) and/or
event parameter(s) may include receiving an indication of
the parameters from user input, a memory store, a remote
processing device, or the like. Alternatively, the para-
meter(s) may be predetermined parameter(s), for example,
indicative of organisation, group, team or personal prefer-
ences, or parameter(s) determined in accordance with other
population preferences.

In one example, the feature(s) are generated from the
signals using one or more neural networks, clustering algo-
rithms, hidden Markov models, filters, transcription algo-
rithms, natural language processing algorithms and/or image
recognition algorithms. However, this 1s not essential and in
it will be appreciated that any suitable method for determin-
ing features from signals can be used. In some instances,
multi-modal signals may be used in determining features,
such as using speaking tones and the audio transcription to
determine sentiment features.

Optionally, one or more meeting parameters are deter-
mined, and the phase indicator and/or event indicator gen-
erated in accordance with, or associated with, the meeting
parameters. In this regard, any suitable meeting parameter
may be used, including any one or more of an industry, a
company and/or organmisation, the identity of the one or more
participants, one or more preferences, and/or location(s).
Thus, such meeting parameters may be used to supplement
feature vectors and/or multimodal feature vectors, to param-
cterise the generation of event and/or phase indicators or the
like. This can be advantageous as 1t allows the signals to be
displayed and/or compressed according 1n accordance with
customisation unique to particular contexts.

In one example, the representation includes one or more
temporal 1indicators indicative of a time range of the meet-
ing. Thus, the temporal indicators may include linear time-
lines, including vertical or horizontal, numeric time values,
ranges, or the like. Beneficially, this can provide an over-
view ol the meeting timeline, including temporal locations

ol events, phases and the like, and this will be described 1n
more detail below.

In some 1nstances, the representation may be customis-
able and/or dynamic. This can be beneficial in providing a
user with an overview of the meeting while allowing them
to drill down 1nto specific events and phases as they deem
appropriate.

Optionally, the representation includes at least one graphi-
cal indication of the phase indicator and/or event indicator.
A graphical indication may include any suitable graphical
indicia including colours, shapes, graphs, images and the
like. In some examples, a size of the graphical indication
may be indicative of duration, such as the length of a
rectangle being indicative of the time range associated with
a phase. In other examples, a colour of the graphical
indication may be indicative of an event and/or phase type.
Beneficially then, blue indicia may correspond to highlights
while purple 1ndicia correspond to action points. In another
example, green indicia may correspond to discussion-type
phases where blue indicia are indicative of question and
answer phases.

Additionally, or alternatively, the representation includes
one or more textual indications of the phase indicator and/or
the event indicator. Such textual indications may be deter-
mined using, or derived from, the respective plurality of
signals or features, such as concepts or topics which domi-
nate a discussion based phase, or participants to which an
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action point event 1s assigned. In other examples, textual
indications may be predetermined, user-defined or the like.

In some examples, the representation includes one or
more transition indicators mdicative of a temporal sequence
of the phase indicators and/or the event indicators. In this
regard, transition indicators can represent the respective
sequence of phases and events, such as arrows, lines, and the
like. However, this 1s not essential and 1n other examples the
representation may include numerical values of time, or the

like.

In some 1nstances, the representation includes one or
more textual and/or graphical indications of a respective one
of the features associated with the phase indicator(s) and/or
the event indicator(s). For example, subsections of the
meeting transcript relating to an event may be included in
the representation, such that only text relating to the deter-
mined events 1s displayed. Accordingly, associated features
and/or signals can provide further context around phases and
events without users having to read/listen and digest an
entire meeting transcript/audio.

Furthermore, 1n one example, the process may include
receiving an mput selection associated with the phase 1ndi-
cator and/or event indicator, selectively updating the repre-
sentation to include an indication of the respective one of the
features associated with the selected phase indicator and/or
event indicator, and causing the updated representation to be
displayed. Thus, the representation can provide a high-level
overview ol the meeting which allows a user to select
different phases, events, or the like 1 order to display
features or signals relating to the selection. Thus, a user can,
for example, click on an event to view the transcript at that
time 1n the meeting, or select a phase to see which partici-
pants were key or active contributors, or the like.

Additionally, or alternatively, the process may include
receiving an mput selection associated with the phase 1ndi-
cator and/or event indicator, selectively updating the repre-
sentation to include an indication of the respective one of the
plurality of signals associated with the selected phase 1ndi-
cator and/or event indicator, and causing the updated rep-
resentation to be displayed. This can be particularly benefi-
cial i displaying only events or phases which are
determined to be representative of the meeting, hence pro-
viding an overview of the meeting to a user. Furthermore, a
user 1s thus able to navigate to portions of the meeting, using
the event/phase indicators, and play or read only signals
relating to those portions. Hence, events and phases can
provide points and/or navigation aids to the user which
enable them to seek the related audio, for example 1n a media
stream playback (audio, video, other streaming data signal),
speech transcript or the like.

Beneficially this facilitates the ability to rapidly find and
listen to the context relating to an event, or to focus on
listening to a particular phase, or the like.

A further example of a method for generating the phase
and event indicators will now be described with reference to
FIG. 4. In this example, phases and event indicators are
determined using the same classification, however as dis-
cussed herein this i1s not essential and in other examples
different feature vectors and classifications may be utilised
to determine phase and event indicators respectively.

At step 410, the process includes determining a number of
multimodal signals indicative of the meeting. As discussed
above, signals can include audio signals, calendar data, user
input and the like. At step 420, phase and event parameters
are determined. This step can be performed in any suitable
manner, including retrieving predetermined parameters,

10

15

20

25

30

35

40

45

50

55

60

65

16

receiving the parameters via user input, generating the
parameters based upon preferences, context, meeting param-
cters or the like.

In any event, the phase and event parameters are used at
step 430 1n generating feature vectors using the signals. In
this regard, the phase parameters can be indicative of the
type of segmentation to be performed, such that feature
vectors are generated appropriately.

At step 440, multi-modal feature vectors are generated
using the feature vectors, which at step 450 are classified
according to a classification algorithm. As discussed above,
the classification algorithm may be any suitable supervised,
unsupervised or semi-supervised method, and 1n addition
may be selected 1n accordance with the phase and/or event
parameters.

At step 460, phase indicators indicative of temporal
segmentation of the meeting are generated using the results
of the classification. At step 470, anomalous feature vector
sequences are detected using the results of the classification,
and event indicators indicative of the detected anomalous
events are generated in step 480.

An example of a method of generating one or more phase
indicators 1ndicative of events in a meeting will now be
described with reference to FIG. 5. In this example, the
phase indicators are determined in accordance with joint
coherence among the distribution of speaking turns between
the participants, the distribution in terms of one or more
concepts or topics being discussed, and the sentiment or
intensity of the conversation. Accordingly, 1n this regard, a
meeting phase may represent any of the following example
s1tuations:

a brief but intense dialogue between two people about

technology and privacy,

just a single person giving a long dispassionate presen-

tation on sales strategy, and,

a long group discussion related to international finance

characterised by several disagreements.

At step 510, the method includes generating feature
vectors 1n accordance with the abovementioned phase
parameters relating to speaking turns, topics and sentiment/
intensity.

Thus, feature vectors extracted include speaker voice
embedding vectors from a neural network, speaker labels
from a first level speaker clustering, word embedding vec-
tors from a neural network, named entity vectors, text-based
sentiment vectors (e.g. [p(negative), p(neutral), p(posi-
tive)]), voice pitch, and speaking rate.

These feature vectors are combined at step 520 1into
multimodal feature vector sequences. This may be achieved
in any suitable manner, including forming multimodal fea-
ture vector sequences by concatenating feature vectors at
cach time step or temporal location and/or per word (e.g. 1n
a transcript), per sentence, per speaking turn, or the like. In
other embodiments, the multimodal {feature vector
sequences may be generated using a more sophisticated
combination method, such as using a dimensionality reduc-
ing neural network, principal component analysis (PCA)
and/or the like.

At step 330, unsupervised clustering, such as K-means, 1s
used to group similar feature vectors. At step 540, the
sequence of multimodal feature vectors 1s classified accord-
ing to their closest cluster labels to produce a first segmen-
tation.

At step 550, a maximum and minimum window {filtering
operation 1s performed (1.e. dilation and erosion operations)
to eliminate spurious short segments and {ill in short gaps,
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ensuring the output meeting phases are consistent segments
observing, for example, a minimum duration threshold, such
as 30 seconds.

Phase indicators are generated at step 560 using the
results of the filtering operation. In this regard, the phase
indicators include temporal boundaries of the phase and
labels 1ndicative of the participant(s) speaking, topics/con-
cepts discussed, and sentiment during each phase.

An additional example of a method of generating one or
more event indicators indicative of events 1n a meeting will
now be described with reference to FIG. 6. In this example,
the event indicators are indicative of outlier or anomalous
variations from an average distribution which incorporates
features such as change rate of speaking turns, the number
or type of keywords with high information content, the use
of named entities, the use of particular word combinations,
the sentiment of the words, voice intensity measured by
pitch and speaking rate, and the identity or role of the
participant speaking.

For example, an event detected 1n this regard may repre-
sent any of the following:

a client expressing strong negative sentiment,

someone assigning an action point to another member of

the group,

a point ol agreement being reached by a team.

In any event, in this example at step 610 a number of
teature vectors relating to the abovementioned parameters
are generated, including speaker voice embedding vectors
from a neural network, speaker labels from a first level
speaker clustering, word embedding vectors from a neural
network, named participant vectors, text-based sentiment
vectors (e.g. [p(negative), p(neutral), p(positive)]), voice
pitch, and speaking rate.

At step 620, the feature vectors are combined into a single
multimodal feature vector sequence. Unsupervised k-means
clustering 1s used to group similar feature vectors into a
small number of clusters at step 630. In this regard, k may
be selected as a smaller number (for example, between about
2 and 5) depending upon meeting duration. This can ensure
that meeting features are classified according to a small
number of clusters which should be indicative of average or
normal behaviour. In this regard, outliers would tend to
represent feature vectors which are sufliciently different to
average, without being overclassified into a cluster of their
own. In other examples, selection algorithms may be used to
determine k, such as the “elbow method”, “silhouette analy-
s1s” or the like.

At step 640, outliers are detected by labelling feature
vectors that are furthest from the abovementioned clusters
according to a similarity metric. As will be appreciated, any
suitable similarity metric may be used, including for
example cosine similarity, Euclidean distance, Mahalanobis
distance, or the like.

At step 650, a maximum and minimum window filtering
operation (1.e. dilation and erosion operations) 1s performed
to reduce spurious, for example short, outhers and fill in
short gaps. This may be achieved, for example, by ensuring
the outliers are consistent over a minimum duration, such as
3 seconds, and less than a maximum duration typical of a
longer phase, such as 30 seconds.

Using the results of the filtering, the event indicators are
determined at step 670 in accordance with the filtered
outliers. In this regard, event indicators typically include
temporal boundaries/instances, and labels relating to the
participant(s), subject/topic, efc.

The above example 1s 1llustrative and does not restrict the
invention covering other cue combinations, any choice of
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unsupervised clustering (e.g. Gaussian mixture model,
Dirichlet mixture model), supervised classification method
(e.g. Gaussian mixture model, neural network, support vec-
tor machine, etc), or rule-based classifier (such as an expert
system coded by observers, operators or the like) for the first
label segmentation or any other method to produce the final
smoothed segmentation including hidden Markov model,
particle filtering, state machine, etc.

In particular, the above example specifies the detection of
a generically significant moment, 1n which significance 1s
defined as some cue behaviour that 1s different to the average
cue behaviour. This may have inherent utility for a user
interested in rapidly finding the most distinctive events of a
meeting.

A supervised classification into specific meeting event
types may be done 1f a suitable data set 1s available. This
data may for example contain labelled times when action
items events or decision events occur 1 a large set of
meetings. In one example, labelled data may be initially
obtained 1n accordance with operator input (e.g. an operator
or expert labelling meeting signals, for example), and the
labelled data may be dynamically updated by incorporating
the results of subsequent automated or semi-automated
classifications. In this case, the above unsupervised k-means
clustering and exception detection 630 to 650 may instead
be replaced by a supervised classifier or rule-based system
trained to specifically detect action 1tems or decisions
directly from the multimodal feature vector sequence.

A Turther example of displaying or visualising informa-
tion relating to a meeting between participants will now be
described with reference to FIG. 7.

In this example, the process 700 includes retrieving
data/signals from a number of sources 701 (referred to as
“primary sources” 1n this example). These are typically
multimodal 1n nature, containing the various signals and
data sources that are associated with a meeting. These may
include one or more audio signals, calendar event data, user
data entered via an interface, one or more video signals, etc.

The primary sources 701 are input into numerous feature
extractors, referred to as cue extractors 702 in this example.
Cue extractors 702 derive higher-level information from the
sources as well as other cues. The cue extractors 702
typically use a variety of technologies, mcluding digital
signal processing, natural language processing and machine
learning to infer the cues from the sources. The cue extrac-
tors 702 may include proprietary algorithms or third-party
external services, such as a commercial speech-to-text API.
Some cue extractors 702 may build upon both primary
sources as well as other derived cues, such as a multimodal
sentiment extractor that uses the primary audio signal as
well as the derived transcript.

The output of the cue extractors 1s the set of features, also
referred to as cues 704 1 this example. Such cues 704 may
for mnstance include words spoken in the audio signal,
sentiment, speaking turn information, topics or semantic
concepts 1n the spoken text or documents, etc. As these cues
704 have been extracted automatically from a variety of
sources, they typically represent imperfect information due
to any 1inherent inaccuracies of the extractors 702. For
instance, state-oi-the-art speech to text from multiple par-
ticipants conversing 1 a meeting may have an expected
word error rate (WER) of 10%. The cues 704 are therefore
individually considered as “noisy” information.

Some typical primary sources 701 that the system may
use, and the associated cues 704 that may be extracted from
them, include:
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Primary Source Potential Secondary Cues

Audio quality, speech words, speaker voice,
speaking turns, sentiment, prosody, environment/
noise, meeting phases

Time, attendees, user text, attached documents,
URLs, location

Tag/action button clicks, user text, key times
Topics, related concepts, organisational context

Audio signals

Calendar data

User 1nput
Documents (e.g.
agenda, other)

Images Notes and diagrams from whiteboard, text from

documents scanned in meeting.

Video signals (Gestures, Attendees, environment, use of artefacts

The set of cues 704 1s classified and segmented to extract
two different high-level types of information from the meet-
ing, namely meeting phases 708, and meeting events 709.

Phase segmenters 706 take the set of noisy cues 704 and
perform supervised or unsupervised classification to deter-
mine a temporal segmentation into the identified classes, in
this example referred to as meeting phases 708. Classifica-
tion may be performed using any one of a variety of
classification methods known in the art, including, for
example, rule-based, supervised machine learning classifiers
such as neural networks (including recurrent, convolutional,
etc), Gaussian mixture models, hidden Markov models,
support vector machines, unsupervised clustering methods
as k-means, spectral clustering, and the like. In addition,
temporal segmentation 1nto classes may be performed using
well-known techniques such as Hidden Markov Models,
state machines, temporal filters, etc.

Meeting phases 708 divide an entire meeting 707 into a
contiguous sequence ol segments that are internally coherent
in terms of cues. In this example, they represent a span of
time within the meeting 707. For instance, a segment with
two people speaking about a particular topic may show
consistent patterns in the speaker turn cues as well as
semantic concepts, and hence may be represented in a
summarised form as a single meeting phase 708. In one
instance, these meeting phases 708 may represent an
exhaustive and mutually exclusive segmentation of the
meeting. However, more generally, there may be some
degree of temporal overlap between phases. In some
instances, meeting phases 708 may loosely correspond to
items 1n a traditional meeting agenda, but this 1s not essen-
tial.

Event or moment detectors 705 take the set of noisy cues
and perform supervised or unsupervised classification on
them to detect events of significance. Classification may be
performed using any one of a variety of classification
methods that are known 1n the art, including rule-based or
machine learning classifiers such as neural networks (1includ-
ing recurrent, convolutional, etc), Gaussian mixture models,
hidden Markov models, support vector machines, and the
like.

Meeting events 709 represent times within a meeting 707
or meeting phase 708 when something significant happened.
An obvious example of such an event may be the time that
a decision was verbalised, or an action 1tem assigned to a
participant. The definition of significance here 1s however
intended to be less prescriptive and allow more general
interpretation, such as times ol particularly high or low
sentiment, or when key information was stated (such as
names or performance metrics), or a question asked by a
prominent participant. While events 709 are of typically
shorter duration than phases 708, they usually have some
associated temporal duration for the core event 709 as well
as closely related context before or after the event.

10

15

20

25

30

35

40

45

50

55

60

65

20

Significance can be a user-dependent concept, differing
across meeting context 703 which may include industries,
companies, professions, geographical location and meeting
types. The important vocabulary and relevance of different
phases 708 or events 709 will vary according to this meeting
context 703, and so they are typically provided as side
information into the cue extractors 702, the phase segment-
ers 706 and the event detectors 705. For example, a user 1n
the finance industry may have particular statements they
need to make 1n client meetings for compliance reasons, and
so an event detector 705 may be used to indicate when these
occur. As another example, a company may require stail to
follow a particular discussion template when conducting
client conversations, and so information about this template
may provide information to a phase segmenter 706 to find
phases of significance to that company.

The abovementioned example may be incorporated nto
an information compression and indexing system. Organis-
ing the meeting record 1nto a sequence of phases 708 with
significant events 709 facilitates compression of the meeting
information for more eflicient consumption by a user. For a
grven meeting, phases 708 and events 709 represent the top
layer of a hierarchy that can optionally be progressively
expanded by a user in the event they seek to dive into
particular details of phases 708 or events 709 of significance
to them. For example, from a compressed view of the phases
708 and events 709, a user may search or navigate to a
decision event towards the end of a discussion phase. They
may then expand that phase 708 of the meeting to view cues
704 such as the topics or sentiments expressed, or read the
tull transcript, or simply listen to the audio signal capturing
the discussion that lead up to that decision.

This organising or indexing of meeting content 1nto
phases 708 and events 709 also advantageously facilitates
the extraction of relevant content when searching across an
archive ol many meeting recordings, enabling the search to
be targeted, for example, for meetings when a particular
person presented on a given topic, or conversations with
events of signmificantly negative sentiment expressed by a
client.

An example of a representation indicative of phase 1ndi-
cators and event indicators will now be described with
reference to FIG. 8.

In this example, the representation of the meeting
includes graphical phase indicators 810 which depict the
timeline of the meeting 1n a vertical bar. Colour coding 1n the
vertical phase indicators 810 1s indicative of respective
phases 1n the meeting. Textual phase indicators are also
included, and in this example state “Meeting Phase A”,
“Meecting Phase B”, etc. As described above, any suitable
text could be used, including a topic or concept discussed in
that phase, or the like.

Moment or event indicators 820 are also included in the
representation, including graphical colour coded indicia and
text descriptors, namely “Event 17, “Event 27, etc. The event
indicators 820 are posited 1n respect of the meeting timeline
defined by the phase indicators 810, such that 1t can be
readily understood when the respective events occurred
during the meeting. Moreover, 1n some examples the par-
ticular colour of the indicia reflects the type of event, such
as a highlight, action point, particularly significant senti-
ment, or the like. Optionally, the text labels “Event 17,
“BEvent 27, etc could be used instead to provide a further
descriptor of the event, such as the topic, discussion point,
participant involved, etc. For example, for an action point,
the text descriptor may state the participant and action
assigned, e.g. “Dani to handle recruitment™.
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The representation 800 also includes a notice 830 that
users are able to interact with the indicators 810, 820 in order
to reveal further detail, such as associated features, cues,
transcripts, etc. In this regard, user mput such as a mouse
click, user touch, or hover may cause features relating to the
selected indicator to be further displayed. This will be
described 1n more detail below. In some examples, the
teatures, cues and/or transcript associated with the selected
indicator(s) 810, 820 may be detected and displayed in
accordance with a temporal value or time associated with the
indicator.

A further example of a representation indicative of phase
indicators and event indicators will now be described with
reference to FIG. 9.

In this example, a meeting timeline 910 1s included 1n the
representation, with labels indicative of the start time of each
respective phase 920. Meeting phases 920 are included as
colour coded indicia 1n line with the meeting timeline, where
colours are representative of the type of meeting phase, for
example preamble, presentation, question and answer
(Q&A), discussion, etc. Furthermore, the meeting phases
920 incorporate summary keywords relating to the phase
(e.g. research and development, intellectual property, etc)
and the i1dentities of key contributors.

In line with the meeting timeline 910 are three different
event timelines which are representative of diflerent event
types, namely highlights 930, actions 940, and mood 950. In
this regard, highlights 930 includes coloured diamonds to
indicate respective times 1n which sigmificant highlights of
the meeting occurred. Actions 940 indicate at which points
in the meeting actions were discussed and assigned, and
these are also coded with a respective letter, which could be
used for ease of reference.

Mood 9350 1n this example 1s also indicative of times 1n the
meeting 1 which sentiment was significant or deviated
substantially from the average. The colours provide a traflic
light colour coding to indicate whether the mood event 950
was positive (green) (950a), particularly negative (red)
(9505) or unusually neutral (amber)(950c¢).

In this regard, richer rendering of interactive meeting
summaries may also include relevant context from second-
ary cues or features, such as discussed above, like keywords,
speaker 1dentity or sentiment. This can facilitate more efli-
cient navigation ol the meeting, including to a particular
phase or event that 1s relevant to a user’s task, or allow a
user(s) to rapidly form an understanding of a meeting they
did not attend.

A further example of a representation indicative of phase
indicators and event indicators will now be described with
reference to FIG. 10.

A meeting 1000 does not necessarily need to be presented
as a temporal sequence. Accordingly, the representation
1000 shown 1n FIG. 10 includes arrows as indicators of how
a meeting transitioned between phases with related con-
cepts.

In this representation, phases 1021, 1022, 1023, 1024,
1025, 1026, are defined by coloured ovals where arrows
1011, 1012, 1013, 1014, 1015, 1016 define the temporal
sequence between the phases 1021, 1022, 1023, 1024, 1025,
1026. In this regard, the size of the phases 1021, 1022, 1023,
1024, 1025, 1026 i1s indicative of the time spent in each
phase 1021, 1022, 1023, 1024, 1025, 1026. Keywords labels
are also 1included as text indicators in each phase 1021, 1022,
1023, 1024, 1025, 1026.

Events 1041, 1042, 1043, 1044, 1045 are included as
coloured indicia 1n each phase, indicating in which phase
1021, 1022, 1023, 1024, 10235, 1026 they occurred.
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A Turther example of a representation indicative of phase
indicators will now be described with reference to FIG. 11.
In this example, the representation 1100 1ncludes a pie chart
showing relative amounts of time spent 1n different meeting,
phases 1111, 1112, 1113, 1114.

A Turther example of a representation indicative of phase
indicators and event indicators will now be described with
reference to FIG. 12. In this example, the representation
1200 includes a meeting timeline 1210 which 1s aligned
horizontally. Colour coding along the timeline 1210 1s
indicative of respective meeting phases 1221, 1222, 1223,
1224, 1225, and audio signal amplitude 1s included on the
timeline as a grey silhouette indicative of the level of
participation. Meeting events 1241 are also included on the
timeline 1210 to indicate when they occurred.

A meeting summary 1s provided below the meeting time-
line 1210, which 1n this instance includes events 1241, 1243,
1242 sorted by event type, namely actions, decisions, ques-
tions, and interests. In this example, the event indicators
1241, 1243, 1242 are coloured according to their respective
type. In addition, a text summary of the events 1241, 1243,
1242 1s displayed, including any relevant participants, and a
descriptor.

As shown 1n FIG. 13, the representation of FIG. 12 can be
supplemented with features relating to phases and/or events,
such as subsections of the meeting transcript 1351, 1352,

Alternatively, a textual representation of the meeting may
be included 1n a representation, which includes a summary
of phases and events. For example, an abstractive text
representation of a meeting may include:

The meeting opened with a presentation by lain about
Intellectual Property, Strategy and an R&D Plan. In
subsequent Q&A, there were some disagreements with
the plan, but these were resolved and a follow-up action
for lain to revise the plan. General discussion lead by
Chris, Becci and Thara then focused on Product, Brand
and Trademark 1ssues. Chris gave a brief presentation
on customers including Acme and assigned an action to
Saxon to review pricing for the product. Saxon raised
1ssues about problems with team meetings at the start of
cach sprint which Becci agreed to resolve, and then
lain, Chris and Jaco reviewed some points related to the
carlier discussion of R&D and Intellectual Property.

The team were 1n general agreement and the meeting
was closed.

A further example of generating one or more event
indicators relating to a meeting or meetings between par-
ticipants will now be described with reference to FIG. 14. In
this example, the event indicators relate particularly to key
questions raised 1 a meeting. This can be particularly
beneficial as the inventors have determined that strong
questions can often mark key moments 1n a meeting, par-
ticularly for client-facing business meetings. For example,
from a professional to a client, key questions can be used to
gather key requirements and make clarifications, while from
a client to a professional, questions may seek to clarity
points which the client cares most about. Thus, by 1denti-
tying key questions, this enables an operator—such as the
proiessional or client—to navigate to, or display, elements
of the meeting which are particularly pertinent for their
pUrposes.

In this example, at step 1405 the method includes deter-
mining audio signals mdicative of the meeting between one
or more participants. As discussed in relation to examples
above, this may be achieved in any suitable manner includ-
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ing causing the audio signals to be sensed and/or receiving
the audio signals from a memory store or remote processing,
device.

The speech transcription of the above audio signals 1s
either generated or determined at step 1410. This could, for
example, include receiving a corresponding speech tran-
scription which has, for example, been manually transcribed
by an operator. Alternatively, the speech transcription may
be generated automatically and/or semi-automatically from
the audio signals, for example using techniques or software
known 1n the art, including third party and/or commercially
available software or the like.

At step 1415, the resultant speech transcript 1s used to
identily questions raised during the meeting, and this 1s done
using grammatical parsing of the transcript and punctuator
data extracted from the transcript.

For each 1dentified question, at step 1420, classification of
“key” questions 1s undertaken. In this regard, at step 1425,
a set of multi-modal features 1s calculated/generated using
the audio and/or transcript relating to the respective one of
the questions, such as one or more of:

keyword density within the question;

keyword density in N words preceding the question;

keyword density in N words following the question;

probability of positive or negative sentiment;

a count of key phrases indicating directed questions—ior
example, such a phrase may proceed 1n a manner such
as “‘can/should <subject><verb>", such as “can you
do”.

As another example, “when can <subject><verb>", such
as “When can we meet”, and 1n a further example “Did
<subject><verb past tense>", such as “Did you
fimsh . . . ” and the like;

a count ol emphasis words;

a count of a directed subject 1n the question—e.g. 1, you,
we, elc.;

a count of person names in the question;

slope of vocal pitch over the question;

speaking rate; and,

speaking turn change points—e.g. occurrence of a change
in speaker directly following the question.

In this regard, predetermined variables such as “N” can be
determined 1n any suitable manner including as a result of
user iput, derived from a population analysis, dynamically
generated, etc. In addition, keywords, emphasis words,
and/or key phrases may also be defined in any suitable
manner such as described 1n any of the examples herein,
including as a result of user iput, dertved from a population
analysis, determined using meeting parameters, including
organisational context, meeting type, etc, and/or other fea-
ture extraction methods.

At step 1430, each of the multi-modal features generated
are normalised with respect to an expected distribution over
the meeting (or meetings), 1n order to generate a probability
score 1n accordance with each feature which typically ranges
between 0.0 and 1.0. For example, in respect of the keyword
density within the question, this could be normalised with
respect to the average keyword density in the meeting.

The probability scores of each of the multimodal features
associative with the respective question are combined at step
1435. While any suitable method of combining may be used,
in this example a weighted sum 1s calculated using the
probability scores. The respective weights of the sum could,
for example, mitially be selected via trial and error to give
a score that correlates well to human perceived importance
of the questions. As more data i1s gathered, however, the
welghts may be dynamically learned or updated, 1n order to
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optimise the proportion of key questions that a user deems
usetul/significant. Capturing whether the user agrees that a
particular question 1s a key question or not could be achieved
using any suitable mechanism, such as through thumbs
up/thumbs down feedback. In some examples the weights
may be dynamically updated according to a reinforcement
learning algorithm or the like, with rewards based upon user
teedback.

The weighted sum for the respective question 1s compared
with a threshold at step 1440. The threshold can be deter-
mined 1 any appropriate manner. In one example, the
threshold may be arbitrarily chosen and dynamically
updated. For example, the arbitrary initial threshold could
include the more confident key questions, for example with
a threshold o1 0.9 such that only questions with a weight sum
higher than 0.9 are shown. Alternatively, the threshold may
be selected 1 accordance with some desired top percentile
(e.g. top 5% of questions 1n a meeting are key questions) or
clse trained on a dataset to achieve some target number of
events per meeting duration (e.g. 5-10 key questions per
hour). In a further instance, the threshold may be determined
by utilising user feedback to dynamically update and/or
optimise the threshold, for example, to optimise the propor-
tion of key questions a user finds useful 1n accordance with
some kind of user input (e.g. thumbs up/thumbs down user
teedback).

If the comparison 1s successiul, the question 1s classified
as a key question at step 14435, thus indexing the question as
an event. Otherwise, iI unsuccessiul, the question 1s not
classified as a key question. The process continues at step
1420 until all questions are classified and ends at step 1450.

Accordingly, the key questions can subsequently be used
to display a representation of the meeting, according to any
of the examples herein. Alternatively, the key questions may
be used to compress and/or index the audio signals or speech
transcription. In one instance, an operator may use the
temporal location of the key questions to navigate to just to
those portions of the audio signals (or speech transcription)
of the meeting, 1n order to get a sense of key requirements
and key points requiring clarification, for example,

In any event, the above describes a method of displaying,
compressing and/or indexing numerous signals and/or data
relating to a meeting(s). Beneficially, the process facilitates
rapid understanding of a meeting or multiple meetings using
a displayed representation which includes phase indicators
which include a sequence of internally coherent temporal
phases, and event indicators, which include temporal outlier
or anomalous events that occurred during the meeting.
Additionally, or alternatively, indexing or compressing the
signals 1n accordance with the phase and event indicators
enables more eflicient and accurate searching and analysis.

The appended claims are to be considered as incorporated
into the above description.

Throughout this specification, reference to any advan-
tages, promises, objects or the like should not be regarded as
cumulative, composite and/or collective and should be
regarded as preferable or desirable rather than stated as a
warranty.

Throughout this specification, unless otherwise indicated,
“comprise,” “comprises,” and “comprising,” (and variants
thereol) or related terms such as “includes” (and variants
thereol),” are used inclusively rather than exclusively, so

that a stated integer or group of integers may include one or
more other non-stated integers or groups of integers.
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The term “and/or”, e.g., “A and/or B” shall be understood
to mean either “A and B” or “A or B” and shall be taken to
provide explicit support for both meanings or for either
meaning.

Where a method 1s defined as a series of steps, those steps 3
need not be consecutive, unless the wording indicates oth-
Crwise.

Persons skilled in the art will appreciate that numerous
variations and modifications will become apparent. All such
variations and modifications which become apparent to
persons skilled 1n the art, should be considered to fall within
the spirit and scope that the invention broadly appearing
betore described.

Thus, for example, 1t will be appreciated that features
from different examples above may be used interchangeably
where appropriate.

The invention claimed 1s:

1. A method of visualising a meeting between one or more
participants on a display, the method 1ncluding, in an elec-
tronic processing device, the steps of:

a. determining a plurality of signals, each of the plurality
of signals being at least partially indicative of the
meeting, and including audio signals captured during
the meeting;

b. generating a plurality of features using the signals;

. generating at least one phase indicator extracted from
the plurality of features, the at least one phase indicator
being indicative of a temporal segmentation of at least
part of the meeting;

d. generating at least one event indicator extracted from
with the plurality of features, the at least one event
indicator being indicative of a significant event during
the meeting; and

¢. providing visualisation of the meeting by causing a
representation indicative of the at least one phase
indicator and/or the at least one event indicator to be
displayed on the display, wherein

the step of generating the at least one event indicator
includes the step of training a supervised classifier on
a labelled dataset using a neural network.

2. The method according to claim 1, wherein the plurality

of signals includes a plurality of multi-modal signals.

3. The method according to claim 2, wherein the step of
generating at least one phase 1indicator includes the steps of:

a. generating a plurality of feature vectors wherein each 45
feature vector 1s generated using a respective one of the
multi-modal signals;

b. generating a plurality of multi-modal feature vectors
using the feature vectors; and

c. classifying the multi-modal feature vectors.

4. The method according to claim 3, wherein the step of
classitying the multi-modal feature vectors 1s carried out

with at least one classifier 1s in the form of any one or more
of:
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at least one hidden Markov model; 55
. at least one state machine;
at least one temporal filter; and
. at least one of an erosion filter and a dilation filter.
. The method according to claim 3, wherein classiiying
the multi-modal feature vectors includes making use of any 60
one or more of:
a. a supervised classification;
b. an unsupervised classification;
c. an expert rule-based classification;
d. at least one rule-based classification;
e. at least one neural network;

f. at least one Gaussian mixture model;
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g. at least one hidden Markov model;

h. at least one support vector machine;

1. unsupervised k-means clustering; and

1. spectral clustering.

6. The method according to claim 2, wherein generating

at least one event indicator includes the steps of:

a. generating a plurality of feature vectors wherein each
feature vector 1s generated using a respective one of the
multi-modal signals;

b. generating a plurality of multi-modal feature vectors
using the feature vectors;

c. classifying the multi-modal feature vectors using the
supervised classifier; and

d. detecting outliers among the plurality of multi-modal
feature vectors using the results of the classification.

7. The method according to claim 1, wherein generating

the at least one event indicator includes the step of anomaly
detection.

8. The method according to claim 1, wherein the method
includes, 1n an electronic processing device, determining at
least one event type associated with each event and wherein
the representation 1s indicative of the event type, the event
type including any one or more of:

a. an action;

b. a mood;

C. a senfiment:;

d. a highlight;

€. a question;

f. recapitulation;

g. a milestone; and

h. an event type determined 1n accordance with user input.

9. The method according to claim 1, wherein the method
includes, 1n the electronic processing device, determining at
least one of:

a. at least one phase parameter; and

b. at least one event parameter, wherein the plurality of

features 1s generated 1n accordance with at least one of
the phase parameters and the event parameters.

10. The method according to claim 1, wherein the plu-
rality of signals includes any one or more of:

a. calendar data;

b. user mput;

c. at least one document;

d. at least one 1mage signal; and

¢. at least one video signal.

11. The method according to claim 1, wherein the features
are generated from the plurality of signals using any one or
more of:

a. at least one neural network;

b. at least one clustering algorithm;

c. at least one hidden Markov model;

d. a filter;

¢. at least one transcription algorithm;

f. at least one natural language processing algorithm; and

g. at least one 1mage recognition algorithm.

12. The method according to claim 1, wherein the method
includes, in the electronic processing device, the steps of:

a. determining at least one meeting parameter; and

b. generating at least one of the at least one phase

indicator and the at least one event indicator 1n accor-
dance with the meeting parameter wherein the at least
one meeting parameter 1s indicative of any one or more
of:

1. an ndustry;

11. a company and/or organisation;

111. at least one 1dentity of the one or more participants;
1v. one or more preferences; and

v. a location.
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13. The method according to claim 1, wherein the repre-
sentation 1ncludes at least one temporal indicator indicative
ol a time range of the meeting.

14. The method according to claim 1, wherein the repre-
sentation includes one or more of at least one graphical

indication of at least one of the phase indicator and the event
indicator, and at least one textual indication of at least one

of the phase indicator and the event indicator.

15. The method according to claim 1, wherein the repre-
sentation includes at least one transition indicator indicative

of a temporal sequence of at least one of the at least one
phase indicator and the at least one event indicator.

16. The method according to claim 1, wherein the method
includes, 1n the electronic processing device, the steps of:

a. rece1ving an mput selection associated with at least one
ol the phase indicator and the event indicator;

b. selectively updating the representation to include an
indication of a respective one of the features associated
with the selected one of the phase indicator and/or the
event indicator; and

c. causing the updated representation to be displayed.

17. The method according to claim 1, wherein the method
includes, 1n the electronic processing device, the steps of:

a. recerving an mput selection associated with at least one
of the phase indicator and the event indicator;

b. selectively updating the representation to include an
indication of a respective one or more of the plurality

28

of signals associated with the selected one of the phase
indicator and/or the event indicator; and

c. causing the updated representation to be displayed.
18. An apparatus for visualising a meeting between one or

5 more participants on a display, the apparatus including an
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clectronic processing device that 1s configured for carrying
out the steps of:

a. determining a plurality of signals, each of the plurality
of signals being at least partially indicative of the
meeting, and including audio signals captured during
the meeting;

b. generating a plurality of features using the signals;

c. generating at least one phase indicator extracted from
the plurality of features, the at least one phase indicator
being indicative of a temporal segmentation of at least
part of the meeting;

d. generating at least one event indicator extracted from
the plurality of features, the at least one event indicator
being mdicative of a significant event during the meet-
ing; and

¢. providing visualisation of the meeting by causing a
representation indicative of the at least one phase
indicator and/or the at least one event indicator to be
displayed on the display, wherein

the step ol generating the at least one event indicator
includes the step of training a supervised classifier on
a labelled dataset using a neural network.
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